The edifice walls of the Eiffel Tower hydrothermal vent site (Mid-Atlantic Ridge, Lucky Strike vent field) are populated with dense communities of dual symbioses harboring vent mussel Bathymodiolus azoricus, some of which are covered by white filamentous mats belonging to sulfur-oxidizing bacteria. Mussels were collected in both the presence and absence of the filamentous bacteria. A sample of the filamentous bacteria was collected and water measurements of temperature, CH 4 and H 2 S were recorded at the collection area. The whole soft tissues were analyzed for total lipid, carbohydrate and total protein. Metallothioneins and metals (Cu, Fe and Zn) levels were determined in the major organs. The results showed no significant physiological and toxicological evidence that emphasizes the influence of associated sulfur-oxidizing filamentous bacteria on B. azoricus mussel shells. However, B. azoricus mussel seems to be well adapted to the assorted physico-chemical characteristics from the surrounding environment since it is able to manage the constant fluctuation of physico-chemical compounds.
dry powdered in a water-dichloromethane-methanol mixture and by weighing after 94 evaporation to dryness, the organic layer. Level was expressed as mg g -1 of dry weight. 95
Carbohydrate analysis 96
The whole soft tissue of 5 individuals from each group of mussels was used for 97 carbohydrate analysis. The carbohydrate content was determined colorimetrically in a 98 NaCl extract, in the presence of 5% phenol and concentrated H 2 SO 4 , as described by 99 Dubois et al. (1956) . The concentration was determined in glucose equivalents from a 100 glucose calibration curve using glucose as a standard. The levels of carbohydrate were 101 expressed as mg g -1 of dry weight. 102
Samples preparation for total protein, metallothionein and metal analyses 103
The tissues of the 10 dissected mussels from each group, were lyophilized, weighed and 104 homogenized in 6 ml of ice-cold 100 mM Tris buffer, pH 8.1, containing 10 mM ß-105 mercaptoethanol. The homogenates were centrifuged for 30 min at 25 000 g, at 4°C to 106 separate the supernatants (S 1 ) from the insoluble fraction (pellets), used for the study of 107 intracellular metal distribution. Aliquots (1 ml) of the S 1 were used for metallothioneins 108 determination. Pellets and remaining supernatants were digested in an Ethos Plus 109 microwave oven with 5 ml of HNO 3 (69% v/v) for metal analysis. 110
Total protein analysis 111
Total protein levels were determined in supernatants S 1 from whole soft tissues of 5 112 individuals from each group of mussels, following the BioRad protein assay kit for the 113
Bradford method (Bradford, 1976 
128
Certified reference materials and blanks were taken through the procedure in the same 129 way as the samples. Metal levels were calculated and expressed as mg g -1 of dry weight. 130
Microbial mat molecular diversity 131
A preliminary study of the microbial mat diversity was performed by using 16S rRNA 132 gene sequencing. DNA was extracted from frozen mat sample pellets as described in 133 Lipid, carbohydrate and total protein results per group of mussels, are shown in Table 2 . 161
No significant difference was found between the two groups of mussels (Mann-Whitney, 162 p>0.05) for lipid, carbohydrate and total protein levels. surrounded with sulfur granules in some large bacterial filaments, described earlier in 175 many of sulfur-oxidizing species (Godfroy, personal observation). 176 3.3. In situ temperature measurements, CH 4 and H 2 S estimated values 177 Table 3 presents the results of the temperature measured, CH 4 and H 2 S estimated values 178 at the environment surrounding the two groups of mussels studied. The temperatures 179 measured within the two groups presented significant differences (Mann-Whitney, 180 p<0.05). CH 4 and H 2 S estimated values are distinct between the two groups of mussels. 181
The temperature measured as well as both estimated values of CH 4 and H 2 S presented 182 higher mean in the group "mussels + mat" than "mussels" group. The temperature9 standard deviation, minimum, maximum and range were also higher in the environment 184 characterized by the presence of microbial mats. The increase of relative temperature, 185 compared to ambient seawater temperature (4.4°C), was +0.2°C within the "mussels" 186 group and up to +3°C within the "mussels + mat" group. The temperature variations 187 sustained by the "mussels" group were less extensive than those faced by "mussels + mat" Table 4 shows the levels of metals and metallothionein (MT) in the different tissues of 196 both mussel groups. Results are presented by tissue analyzed and by group of mussels. 197
Metal in the vent mussel can be ranked in the following order according to the levels 198 found: Fe>Zn>Cu, for individuals from the group "mussels" and Zn>Fe>Cu, for 199 individuals from the group "mussels + mat". Only at group "mussels" were found 200 significant differences (Kruskal-Wallis, p<0.05) between the metal levels.. The digestive 201 gland was the organ which presented the highest levels of metals and MT. In this organ 202 Fe levels were found statistically different between groups (Kruskal-Wallis, p<0.05), 203 with higher levels found at "mussels" group. us to consider that each group of mussels has different energy sources. The site where 219 "mussels + mats" were collected, presented higher H 2 S values than the site "mussels" are 220 proteins, were use to study the possible differences on physiological condition between 232 the group "mussels + mats" and the group "mussels". The analysis of such biochemical 233 parameters in hydrothermal vent animals has proven to be a rewarding approach to The 242 "mussels + mats" group and "mussels" group did not show differences between the 243 amounts of lipids, carbohydrates and total proteins. Consequently we can not put forward 244 differences between their physiological conditions by this mean. The preliminary study 245 made in the microbial mat collected, identified the presence of several groups of free-246 living bacteria including the sulfur-oxidizing filamentous type. However it is unknown, 247 for now, the relative abundance of these bacteria at the microbial mat. The similar 248 physiological status found between the two groups of B. azoricus mussels studied may 249 indicate a low relative abundance of sulfur-oxidizing filamentous bacteria and 250 consequently low competition for environmental sulfide. From the temperature 251 measurements made in both collection areas, we can assume that the environment 252 surrounding the studied mussels is situated in the really cold part of the mixing zone 253 between the ambient seawater and the hydrothermal fluid (Sarradin, personal 254 observation). However, the "mussels + mats" group presented relatively high 255 temperatures, high levels of ΣS (i.e. the high Fe levels found for the "mussels" group formed by individuals presenting a 293 smaller size than those from the "mussels + mats" group. and insoluble forms can be used to evaluate the toxicological significance of each metal. 297
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However we could not show any difference for the distribution of metals between the 298 soluble and insoluble fractions of mussels collected at the sampled locations. 299
Metallothioneins are known to be the major metal detoxification process in mussels 300 
Conclusions 311
The results presented in this study do not show significant physiological and 312 toxicological evidence that emphasize the influence of associated sulfur-oxidizing 313 filamentous bacteria on B. azoricus mussel. The physiological markers show a similar 314 physiological condition between the two groups of mussels. As well, the variations found 315 in the abiotic factors measured seem not to influence the physiological status of the two 316 mussel groups. The presence of sulfur-oxidizing filamentous bacteria regarded as an 317 indicator of elevated sulfide concentrations, point out a lesser diluted hydrothermal fluid 318 at the considered area and accordingly higher levels of metals available to the organisms. Table 1 1 Levels of Cu, Fe and Zn found in certified reference material, mussel tissue CE278 (ERM-Belgium) and lobster hepatopancreas TORT-2 (NRCC-Canada).
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Results as mean ± SD, in mg g -1 dry weight. Table 2 5
Lipids, carbohydrates and total proteins in whole soft tissues for the two groups studied. Results are presented as mean ± SD, in mg g -1 dry weight. n 6 represents the number of analyzed mussels.
7 Biochemical n mussels n mussels + mats Table 4 21 Metallothionein (MT) and metal (Cu, Fe and Zn) levels in the tissues of the two groups studied. The "Mean per group" represents the mean levels of MT, Cu,
22
Fe and Zn for each group. Results are presented as mean ± SD, in mg g -1 dry weight 23 mussels mussels + mats 
